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Heat rejection by human body

Sensible part: Heat from body directly increases the air temperature
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Latent part: Heat is transferred by condensation of water vapour
through breathing or skin

Heat rejection rate as a function of air temperature under the
following conditions:

. Average person, 70 kg

. Sitting, no physical activity

. Normal clothing
. Air Temperature [°C]

. No air movements

[ Latent Part Sensible Part

Eidgendssische Technische Hochschule Zirich m
Swis:

s Federal Institute of Technology Zurich



Temperatures in Singapore

Heat Rejection [W]

Evaporation

Convection
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Radiation

Air Temperature [°C]
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Traditional vs Tropical Passive House
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Air-Conditioning
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Temperature Lift and COP

Nonfeasible

LowEx
HP

Typical HP

Temperature Lift (Kelvin)
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Heat Pump
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Heat sources/ sinks e

Erdspeicher

L
Erdspeicher

Gewinnung / Speicherung

Erdspeicher

Erdspeicher
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Temperature Lift and COP

COBLING SYSTEM Nonfeasible
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tack effect

Bojic, Yik, and Lee, “Influence of air-conditioning exhaust on
exterior recessed space.”, Building Research & Information, 2003
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NUS Staff Housing: Kent Vale Il
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Condenser temperatures

Nonfeasible

LowEx el CondOut-ON
Condin-ON

el CondOut-OFf

DB Temperature [2C]

CondIn-OFF
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T =27.52C

air, dry bulb

T =24.39C Tyround = 33.52C + 32C/100m

air, wet bulb ~

*yearly average temperatures
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Air/ environment

> (heat sink)
Tsustut

Split Unit
Towrs (heat rejection)

Chillers
Cooling users (heat transformation)
(heat extraction)




Air/ environment
(heat sink)

Cooling tower
(heat rejection)
Central chiller

(heat transformation)

Cooling users
(heat extraction)
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Air/ environment
(heat sink)

)

Cooling tower
(heat rejection)

Anergy bus
(heat transport)

Chillers

Cooling users (heat transformation)

(heat extraction)



High-rise housing
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Low-rise shop house / back alleys
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Questions?

CONVENTIONAL DESIGN BEYOND EFFICIENCY

www.solergie.org
1

www.busy.arch.ethz.ch = =

" | spatially Demanding Space Saving
M&E Systems M&E Systems

www.futurecities.ethz.ch

Compartmentalised Integrative
Design Solution Design Solution

| Centralised Systems. Decentralised Systems

Big Bulky Compact
Equipments Equipments

Air-based cooling Water-based cooling
systems systems

Conventional Design Low Exergy Design
Approach Approach

bruelisauer@arch.ethz.ch
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Beyond efficiency

CONVENTIONAL DESIGN BEYOND EFFICIENCY
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Spatially Demanding Space Saving
M&E Systems M&E Systems

Compartmentalised Integrative
Design Solution Design Solution

| Centralised Systems Decentralised Systems

Big Bulky Compact |
Equipments Equipments

Air-based cooling Water-based cooling
systems systems

Conventional Design Low Exergy Design
Approach Approach
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